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ABSTRACT
The p lan th o p p er S o g a to d es o ry z ic o la  (Muir) w as  u se d  to  tra n sm it 
th e  c a u s a l  a g e n t o f the  ho ja  b lan c a  d is e a s e  to  r ic e  p la n ts  (Oryza 
s a t iv a  L .) cv N a to . One s in g le  tra n sm itte r  m ale w as con fined  for 2 
d ay s w ith  one r ic e  p la n t a t  th e  beg inn ing  of th e  th ird  le a f  s t a g e . In  
these  c o n d it io n s , c h lo ro tic  sp o ts  and  s tr e a k s  a p p ea re d  on th e  th ird  
le a f  6  d ay s a f te r  in o c u la tio n . L eaves em erg ing  a f te r  in o cu la tio n  
becam e b a s a lly  or co m p le te ly  c h lo ro tic .
C h lo rophy ll c o n te n t w as  d e c re a se d  by 5 to  21% in  p a rtia lly  
ch lo ro tic  th ird  le a v e s ,  and  by 37 to  6 6 % in  co m p le te ly  ch lo ro tic  t i s s u e  
o f le a v e s  em erg ing  a f te r  in o c u la tio n . The ra tio  of ch lo ro p h y ll a  to  
ch lo rophy ll b rem ained  u n ch an g ed  in  h e a lth y  an d  in fe c te d  t is s u e  
th roughout th e  ex p erim en ta l p e r io d .
C h lo ro p h y lla se  a c t iv i ty  w a s  m easu red  sp ec tro p h o to m e trica lly  by 
th e  am ount o f ch lo ro p h y llid e  form ed a fte r  5 h r in c u b a tio n . C h lo ro - 
p h y lla se  a c t iv i ty  in c re a s e d  in  in fe c te d  le a v e s ;  th e  in c re a s e  w as more 
p ronounced in  com ple te ly  c h lo ro tic  le a f  t i s s u e  than  in  p a rtia lly  c h lo ro tic  
th ird  le a v e s .  The in c re a s e  of c h lo ro p h y lla se  a c tiv ity  occu rred  s im u l­
ta n e o u s ly  w ith  th e  lo s s  of ch lo rophy ll from th e  in fe c te d  le a f  t i s s u e .  
C h lo ro p h y llid es  th a t  a re  breakdow n p roducts or p rec u rso rs  o f c h lo ro ­
phy ll w ere found in  h igher q u a n ti t ie s  in  in fe c te d  t i s s u e .
v ii
The photo sy n th e tic  ra te  w as m easured  by m anom etry. P ho tosyn­
th e s is  e x p re sse d  per u n it of dry w t d e c lin e d  s lig h tly  in  p a rtia lly  
ch lo ro tic  le a v e s ,  a t  abou t th e  sam e ra te  a s  ch lo rophy ll red u c tio n .
The p h o to sy n th e tic  ra te  in  com plete ly  ch lo ro tic  t is s u e  w as low er th a n  
th a t  in  p a rtia lly  ch lo ro tic  le a v e s ,  bu t the  red u c tio n  in  p h o to sy n th es is  
w as no t n early  a s  g rea t a s  th e  red u c tio n  in  ch lo rophy ll co n ten t in  th is  
t i s s u e .
P h o to sy n th e s is , e x p re sse d  per u n it of ch lo ro p h y ll, w as h ig h e r in  
in fe c te d  t is s u e  th a n  in  h e a lth y  t is s u e  and in d ic a te d  th a t  in  h e a lth y  
t i s s u e ,  ch lo rophy ll w as no t th e  ra te  lim iting, fac to r for p h o to sy n th e s is .
The p h o to sy n th e tic  ra te  e x p re sse d  per u n it of ch lorophyll changed 
w ith  th e  age  of both h e a lth y  and in fec te d  le a v e s .  C o n seq u en tly , the  
d is e a s e  may a ffe c t p a rts  of th e  p h o to sy n th e tic  m echanism  o ther th a n  
ch lo rophy ll to  the  e x te n t th a t ev en  a t  the  low le v e ls  of ch lo rophy ll 
found in  the  in fec te d  le a v e s  i t  is  no t the  lim iting  fac to r for pho to sy n ­
th e s is  .
Leaf p igm ents w ere e x tra c ted  w ith  a c e to n e , tran s fe rred  to  p e tro ­
leum  e th e r  and  se p a ra ted  in  a  s ta rc h -s u g a r  chrom atographic colum n. 
C aro tene  and lu te in  w ere reduced  a t  abou t th e  sam e ra te  a s  ch lo rophy ll 
in  in fec te d  t i s s u e .  Each of th e  th ree  pigm ents rem ained  in  the  sam e 
re la tiv e  proportions a s  th e y  w ere found in  h e a lth y  p la n ts .
v iii
N A D H -linked g ly o x y la te  r e d u c ta s e  w as m easu red  by th e  d e c re a se  
in  O .D . a t  340 i^u a s  NADH w a s  o x id iz e d . Enzyme a c t iv i ty ,  e x p re sse d  
on th e  b a s is  o f f re s h  w t of le a f  t i s s u e ,  d e c re a se d  in  in fe c te d  t i s s u e .
L eaf t i s s u e  k ille d  an d  f ix ed  in  g lu ta ra ld eh y d e  fo llow ed  by osm ium  
te tro x id e  p o s t- f ix a t io n  w as s e c tio n e d  an d  s tu d ie d  w ith  th e  e le c tro n  
m ic ro sc o p e . C h lo ro p la s ts  in  in fe c te d  t i s s u e  w ere  few er in  num ber and  
sm a lle r  in  s iz e  th a n  th o se  in  h e a lth y  t i s s u e .  O sm ioph ilic  lip id  g lo b u le s  
in  h e a lth y  t is s u e  w ere  s l ig h tly  o sm io p h ilic  a t  th e  p eriphery  w h ile  th o se  
from in fe c te d  t i s s u e  w ere  s ta in e d  uniform ly  and  m uch more e le c tro n  
d e n s e .  Some of th e  grana  an d  in te rg ran a  lam e llae  in .in fe c te d  t i s s u e  
w ere  d iso rg a n iz e d .
ix
INTRODUCTION
H oja b lanca  i s  a  very  d e v a s ta tin g  d is e a s e  of r ic e .  I t  h a s  been
repo rted  in  se v e ra l c o u n tr ie s , but i s  o f g re a te s t  im portance in  Latin
A m erican co u n tries  w here  i t  ran k s se co n d  to  b la s t  in  c au s in g  econom ic 
1
l o s s e s .  The d is e a s e  w as repo rted  in  m ainland China in  1964 and in
‘  2 
th e  U nited  S ta te s  during th e  y ears  1957 to  1964. In s e c t  v e c to rs  are
b e liev e d  to  have  been  brought in to  th e  U nited  S ta te s  from Cuba v ia
cy c lo n ic  w inds but s in c e  ap p ea r to  have been  e lim ina ted  by the  u se  of
i
in s e c t ic id e s  and  by th e  sub freez ing  w in te r.
The c a u s a l  a g e n t of hoja b lanca  i s  b e liev ed  to  be a  v iru s , and
i s  tran sm itted  by tw o p la n th o p p e rs , Sogatodes o ryzico la  (Muir) and
3
S ogatodes cubanus (C raw ford). H erold e t  a l .  reported  ob serv a tio n  of 
v iru s - l ik e  p a rtic le s  o f approx im ate ly  42 mp in  d iam eter in  th e  sap  of 
in fec te d  le a v e s  and th e  v e c to r  S ogatodes o ryzico la  becam e in fec tio u s  
w hen in je c te d  w ith p a r tic le -c o n ta in in g  s u s p e n s io n s .
1 O u, S . H . ,  and  P . R. Je n n in g s . 1969. P rogress in  the  deve lop ­
m ent o f d is e a s e - r e s is ta n t  r ic e .  Annu. Rev. P hy topatho l. 7: 383-410 .
^E v ere tt, T . R . ,  and  H . A. Lam ey. 1969. Hoja b la n c a , p . 361 -377 . 
In  M aram orosch , K. (ed .)  V iru ses , v e c to rs  and  v e g e ta tio n . In te rsc ie n c e  
P u b lish e rs , N . Y.
3
H ero ld , F . ,  G. T ru jillo , and  K. M unz. 1968. V iru s-lik e  p a rtic le s  
re la te d  to  hoja b lanca  d is e a s e  o f r ic e .  Phytopathology 58: 546-547 .
1
The sev e re  c h lo ro s is  and s tu n tin g  of r ice  p lan ts  c a u se d  by ho ja  
b lan ca  strong ly  su g g e s ts  i t  h as  d ra s t ic  e ffe c ts  on th e  h o s t photo- 
sy n tlie tic  m echanism . T hus, i t  ap p ea red  th a t  a  study  of th e  ch lo ro ­
p la s ts  of in fe c te d  p la n ts  would g ive som e in s ig h t  in to  th e  p hysio ­
lo g ic a l e ffe c ts  of th is  d is e a s e  on i t s  h o s t .
The purpose of th e  p re se n t s tu d y  w as to  in v e s tig a te  som e of th e  
e ffe c ts  o f ho ja  b lan c a  on rice  c h lo ro p la s ts .
CHLOROPLASTS OF HOJA BLANCA-INFECTED RICE.
CHLOROPHYLL CONTENT AND CHLOROPHYLLASE ACTIVITY 
IN HOJA BLANCA-INFECTED RICE PLANTS
The ho ja  b la n c a  d is e a s e  of r ic e  i s  b e lie v e d  to  be c a u se d  by a 
v iru s  w hich  i s  tra n sm itte d  by tw o s p e c ie s  of p la n th o p p e rs , S ogatodes 
cu b an u s (Crawford) and  S.. o ry z ic o la  (Muir) (4). Symptoms of h o ja  
b la n c a  vary  a cc o rd in g  to  th e  r ic e  v a r ie ty , th e  a g e  of th e  p lan t w hen 
in fe c te d , an d  th e  d u ra tio n  of in fe c tio n  (4). In th e  c o n d itio n s  u se d  
fo r th e s e  s tu d ie s ,  c h lo ro tic  sp o ts  an d  s tre a k s  a p p ea re d  on th e  th ird  
le a f  6  d ay s a f te r  in o c u la tio n . G en era lly  le a v e s  em erg ing  a f te r  t r a n s ­
m iss io n  becam e b a s a l ly  or co m p le te ly  c h lo ro tic , h o w ev er, th e y  
o c c a s io n a lly  d ev e lo p ed  only a  w ide  ch lo ro tic  band  v e r t ic a lly  a long  
th e  l e a v e s .
In c h lo ro tic  t i s s u e  of in fe c te d  p la n ts ,  i t  i s  n o t known w h e th er 
ch lo ro p h y ll lo s s  is  due to  red u c ed  b io sy n th e s is  or to  a n  in c re a s e d  
ra te  of d e g ra d a tio n  or to  b o th . In  1938, P e te rso n  an d  M cKinney (10) 
found in  th re e  of four v iru s  d i s e a s e s  of to b a c c o  an  in c re a se  in  
c h lo ro p h y lla se  a c tiv ity  acco m p an ied  by a d e c re a se  in  ch lo rophy ll 
c o n te n t in  in fe c te d  le a v e s .  M ore re c e n t ly , M athre (9) m easu red  
c h lo ro p h y lla se  in  n o n in fec te d  an d  V ertic illium  a lb o -a tru m - in fe c te d  
c o tto n  p la n ts ,  bu t fa i le d  to  d e te c t  any d iffe ren ce  in  th e  a c t iv i ty  of 
th e  enzym e b e tw een  th e  tw o s o u rc e s .
The e x a c t ro le  o f ch lo ro p h y llase  in  v ivo  i s  no t w e ll u n d ers to o d .
I t  h a s  been  su g g e s te d  to  have a  ro le  in  in  v ivo  sy n th e s is  of ch lorophyll 
(1 2 ) ,  and h as  been  show n to  both  degrade  and sy n th e s ize  chlorophyll 
in  v itro  (8 ) .  This s tu d y  w as in itia te d  to  determ ine w hether ch lo rophy ll­
a s e  a c tiv ity  cou ld  be co rre la ted  w ith  c h lo ro s is  in  hoja b la n c a - in fe c te d  
r ic e  p lan ts  b e ca u se  of i t s  p o ss ib le  in  v ivo  ro le  of ch lorophyll deg ra ­
d a tio n . Hoja b la n c a - in fe c te d  r ic e  appeared  to  be a  p a rticu la rly  good 
sy stem  due to  the  d iffe ren t but p red ic tab le  deg ree  of ch lo ro s is  in  each  
le a f  fo llow ing in o c u la tio n .
MATERIALS AND METHODS
Rice s e e d s ,  cv  N a to , w ere tre a te d  w ith  A rasan , and  p lan ted  in  
s team ed  so il  in  4 inch  c la y  p o ts . The p lan ts  w ere grown in  a g reen ­
h o u se  w ith  a  maximum day tem perature  of 95 F and a minimum night 
tem pera tu re  of 75 F. S ing le  p lan ts  in  th e  ea rly  th re e - le a f  s ta g e  w ere 
cag ed  for a  period  o f 2 day s w ith  one v iru life ro u s m ale Sogatodes 
o ry z ic o la . Fem ales w ere no t u se d  due to  e x c e s s iv e  feed ing  in jury  
to  p la n ts .
The in s e c t  co lony w as m ain ta ined  and tra n sm iss io n  feed ings w ere 
done in  a  h e av ily  sh ad ed  g reenhouse  w ith  a  tem perature  o f be tw een  75 
and  80 F . T echniques fo r s e le c tio n  of a c tiv e  tran sm itte rs  w ere adopted  
from H endrick  e t a l .  (6 ) . Nymphs from th e  g e n era l colony w ere caged  
s in g ly  on rice  se e d lin g s  and  p o s itiv e  tran sm itte rs  w ere m ated . A ctive 
tra n sm itte rs  w ere s e le c te d  from the  progeny .
The m ethod u se d  in  th e  ch lo ro p h y llase  study  w as s im ila r to  th a t 
of H olden (7). A w eighed  sam ple of abou t 1 g of fre sh  le a v e s  w as 
hom ogenized  in  25 ml of ic e  cold  80% a ce to n e  in  w ater w ith  a  Sorval 
''om nim ixer" a t  th e  h ig h e s t sp eed  for tw o 1 -m in  periods w ith  a  1 min 
in te rv a l b e tw een . The hom ogenizing cham ber w as im m ersed in  an  ice  
ba th  during th e  grinding  to  avo id  h ea tin g  and foam ing . The hom ogenate
f t
w as f ilte re d  through W hatm an N o. 1 f i l te r  paper on a Buchner funnel
7a n d  the  le a f  pow der w ash ed  w ith  10 ml o f co ld  a c e to n e . The 
f i l t ra te  w as  cen trifu g ed  a t  4500 g for 20 m in and  u se d  for m easu ring  
ch lo ro p h y llid e  a t  z e ro  t im e . The w a sh e d , d ry  le a f  pow der w as s u s ­
pended  in  10 ml of a c e to n e  an d  reh o m o g en ized  for 1 m in . The hom o- 
g e n a te  w as f i lte re d  an d  w ash ed  w ith  a c e to n e . The s o lid s  c o n ta in in g  
th e  enzym e c h lo ro p h y lla se  on th e  f i l te r  p a p e r w ere a ir -d r ie d  fo r 2  h r 
an d  p lac ed  in  a d e s ic c a to r  3 d a y s  over CaSC>4 . A ch lo rophy ll so lu tio n  
u se d  to  a s s a y  enzym e a c tiv ity  w a s  p rep a red  by hom ogenizing  h e a lth y  
r ic e  le a f  t i s s u e  in  su ff ic ie n t a c e to n e  to  g ive  a  co n ce n tra tio n  of 80% 
an d  filte rin g  on  W hatm an N o. 1 f i l te r  p a p e r -  The f i l t r a te  w as c e n tr i ­
fuged  a t  4500 g fo r 20 min and  th e  su p e rn a ta n t a d ju s te d  w ith  80% 
a c e to n e  to  a  c o n c e n tra tio n  of ab o u t 0 .3  g of ch lo ro p h y ll per l i t e r .
The co m p le te  e n z y m e -s u b s tra te  re a c tio n  m ixture w as ap p rox im ate ly  
45% a c e to n e  an d  a t  pH 7 .6 .  I t  c o n s is te d  o f a c e to n e -d r ie d  pow der of 
le a f  t i s s u e ,  6  m l of ch lo rophy ll e x tra c t  and  4 ml of 0 .0 6  M sodium  
c i t r a te .  The re a c tio n  m ixture w as in c u b a te d  in '.the dark  a t  28 C in  a  
w a te r  b a th . A fter 5 h r of in cu b a tio n  th e  m ixture w as f i lte re d  a n d  w ash ed  
w ith  27 ml o f a c e to n e . The f i l t ra te  w as c en trifu g e d  a t  4500 g fo r 20 
m in . Three ml of 2% N aC l w as ad d ed  an d  th e  volum e w as a d ju s te d  to  
40 ml w ith  80% a c e to n e . A 10 ml a liq u o t o f th e  so lu tio n  w as d ilu te d  
w ith  an  ap p ro p ria te  volum e of 80% a c e to n e  fo r a  to ta l  ch lo ro p h y ll p lus 
ch lo ro p h y llid e  m easu rem en t. A 20 ml a liq u o t w as e x tra c te d  tw ice  w ith 
petro leum  e th e r  (40-60 BP). C h lo ro p h y llid es  rem ained  in  th e  a c e to n e
fra c tio n . A m on 's m ethod (2) for q u a n tita tin g  ch lo rophy ll w as u se d  to  
determ ine ch lo rophy ll and  ch lo rophy llide  in  th e ir  re sp e c tiv e  s o lv e n ts , 
s in c e  th e  com pounds have id e n tic a l a b so rp tio n  s p e c tra .
RESULTS
C hlorophyll co n ten t w as d e c re a se d  by 5 to  21% in  th e  th ird  le a v e s  
in  w hich th e  sym ptom s w ere c h lo ro tic  f le c k s  and  s tr e a k s . There w as a 
maximum of n ear 70% red u c tio n  in  ch lo rophy ll co n ten t in  com pletely  
ch lo ro tic  t i s s u e  of le a v e s  th a t  em erged a fte r  tra n sm iss io n . The ra tio  
of ch lo rophy ll a  to  ch lo rophy ll b rem ained  unchanged in  h e a lth y  and 
in fec te d  t is s u e  th roughout the  experim en ta l period  (Table 1).
C h lo rophy llase  a c tiv ity  w as h igher in  a l l  in fec te d  le a v e s  th an  in  
healthy  le a v e s  (Table 2). The d a ta  p resen ted  in  Table 2 show a m axi­
mum of an  8 -fo ld  in c re a s e  in  a c t iv i ty .  The ta b u la r  d a ta  w as ob ta ined  
in  th e  f a l l ,  bu t th e  g re a te s t  d iffe ren c e s  in  a c tiv ity  appeared  to  be 
during the  sum m er m on ths. In many c a s e s  th e  ch lo ro p h y llase  a c tiv ity  
of com plete ly  ch lo ro tic  le a f  t is s u e  e x ceed ed  1 0 -fo ld  th a t found in 
h ea lth y  le a v e s  during the  summer m on ths.
The ch lo rophy llide  c o n ten t of in fe c te d  le a v e s  w as c o n s is te n tly  
h igher th an  th a t  found in  n o n in fec ted  le a v e s  (Table 3).
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T able 1 . E ffec t of h o ja  b lan ca  on  c h lo ro p h y ll c o n te n t of r ic e  l e a v e s .
D ays a f te r  in o c u la tio n
6 9 12 15 18
P a r tia lly  c h lo ro tic  le a v e s 3
H ealth y  ^
ch lo ro p h y ll a 2 .0 6 2 .1 3 2 .4 1 2 .3 5 2 .3 3
ch lo ro p h y ll b 1 .5 7 1 . 6 8 1 .89 1 .89 1.89
ra tio  a :b 1 .3 1 1 .2 7 1 .2 8 1 .2 4 1 .2 3
T otal C h i. 3 .6 3 3 ,8 1 4 .3 0 4 .2 4 4 .2 2
In fec ted
ch lo ro p h y ll a 1 .9 1 2 ,0 3 2 .3 5 1 .83 2 .1 4
ch lo ro p h y ll b 1 .4 7 1 .6 0 ' 1 .7 7 1 .52 1 .7 9
ra tio  a :b 1 .3 0 1 .2 7 1 .3 3 1 . 2 0 1 . 2 0
T otal C h i, 3 .3 8 3 .6 3 4 .1 2 3 .3 5 3 .9 3
cC om ple te ly  c h lo ro tic  le a f  t is s u e
H ealthy
ch lo ro p h y ll a 1 .7 8 1 .42 1 . 6 8
ch lo ro p h y ll b 1 .3 7 1 . 1 1 1 .4 6
ra tio  a :b 1 .3 0 1 .29 1 .1 5
T otal C h i, 3 .1 5 2 .5 3 3 .1 4
In fec ted ■
ch lo ro p h y ll a 1 . 1 1 .64 .80
ch lo ro p h y ll b .87 .47 .69
ra tio  a :b 1 .2 8 1 .3 6 1 .1 6
T ota l C h i. 1 .9 8 1 . 1 1 1 .4 9
a L eaves show ing  c h lo ro tic  f le c k s  and  s tre a k s ;  th e s e  le a v e s  had ju s t  
em erged a t  th e  tim e th e  p la n ts  w ere  e x p o se d  to  th e  p la n th o p p e rs .
mg of ch lo rophy ll per g o f fre sh  le a f  t i s s u e .
c The b a sa l  p a rt of th e  le a v e s  w h ich  em erged  a f te r  th e  p la n ts  w ere 
in o c u la te d .
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T ab le  2 . E ffec t of h o ja  b lan ca  in fec tio n  cn c h lo ro p h y lla se  a c t iv i ty  in  
r ic e  le a v e s .
Enzyme p roduct
Enzyme a c tiv ity  u n i ts /q  fre sh  le a f  tis su e '*
D ays a fte r  in o c u la t io n
6 9 1 2 15 18
P a rtia lly  c h lo ro tic  le a v e s
H ealth y
ch lo ro p h y llid e  a .29 .47 .39 .69 .35
c h lo ro p h y llid e  b .25 .32 .3 7 .62 .40
ra tio  a :b 1 .1 6 1 .47 1 .0 5 1 . 1 1 . 8 8
T otal .5 4 .79 .7 6 1.31 .75
In fe c te d
c h lo ro p h y llid e  a .72 .61 . 6 8 .69 .70
ch lo ro p h y llid e  b .43 . 2 2 .3 8 .82 .9 7
ra tio  a :b 1 .6 7 2 .7 7 1 .79 .84 .72
T otal 1 .1 5
COCO• 1 .0 6 1 .51 1 .6 7
C om pletely  c h lo ro tic  le a f  t is s u e
H ea lth y
ch lo ro p h y llid e  a .13 .06 .15
ch lo ro p h y llid e  b ,0 7 .23 .16
ra tio  a :b 1 . 8 6 .26 .9 4
T otal . 2 0 .29 .31
In fe c te d
ch lo ro p h y llid e  a .3 6 . 8 6 .98
ch lo ro p h y llid e  b .5 0 1 .40 1 .2 9
ra tio  a :b .72 .61 .7 6
T otal . 8 6 2 .2 6 2 .2 7
a One u n it = 1 %  change  of ch lo rophy ll to  ch lo ro p h y llid e  in  1 h r.
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T able 3 . C h lo rophy llide  c o n te n t in  h e a lth y  le a v e s  an d  in  le a v e s  of rice  
p la n ts  in fe c te d  by ho ja  b la n c a .
—------------------------------------------- a---------
C h lo rophy llide  c o n te n t
D ays a fte r  in o c u la tio n
6 9 12 15 18
H ealthy .4 6
P a r tia lly  ch lo ro tic  le a v e s  
.4 0  .93  1 .31 2 .4 5
In fec ted .73 .4 2  1 .5 6  1 .87 2 . 6 6
H ealthy
In fec ted
C om ple te ly  ch lo ro tic  le a f  t is s u e  
2 .2 5  1 .85  
2 .4 2  2 .3 8
.8 7
2 .9 1
C hlo rophy llide  co n ten t i s  e x p re s s e d  a s  a  p e rcen tag e  of th e  ch lo ro p h y ll
ch lo ro p h y llid e  
c o n te n t, i . e .  ohiorophyU  X 1 0 0 .
DISCUSSION
A d e c re a se  in  ch lo rophy ll c o n ten t is  a lw ays a s s o c ia te d  w ith  
c h lo ro s is . The e x a c t m echanism  for the lo ss  o f ch lo rophy ll se e n  in  
in fe c te d  p lan ts  i s  unknow n. The p o s s ib il i t ie s  for ex p la in in g  a 
d e c re a se  in  ch lo rophy ll co n ten t a re  a  reduced  sy n th e tic  r a te ,  an  
in c re a se d  deg radation  ra te ,  or a  com bination o f th e  tyro. Some e v i­
dence  in  favor of the  in c re a se d  d eg rad a tio n  ra te  h as  been  p resen ted  
by Pring and  Tim ian (11). They show ed th a t barley  le a v e s  in fec ted  
w ith  Barley S tripe M osaic  Virus h ad  a  g rea tly  red u ced  ch lorophyll 
co n ten t ev en  in  o ld er le a v es  th a t  w ere no longer rap id ly  sy n th e s iz in g  
ch lo rophy ll p re c u rso rs . P e te rso n  and McKinney (10) repo rted  an  
in c re a se  in  ch lo ro p h y llase  a c tiv ity  s im ultaneous w ith  ch lo ro s is  in  
to b acco  le a v e s  in fe c te d  w ith th ree  of four m osaic  d is e a s e s  s tud ied  
and su g g e s te d  th a t  th e  enzym e w as re sp o n sib le  for ch lo rophy ll d e g ra ­
d a tio n . A com petition  for n u tr ie n ts  or m etabo lites  in  v iru s - in fe c te d  
t i s s u e  w hich  would re s u l t  in  a  red u ced  ra te  of ch lo rophy ll sy n th e s is  
and  c a u se  ch lo ro s is  h a s  been  p roposed  a ls o  (5). M ath re  (9) rec en tly  
in v e s tig a te d  ch lo ro p h y llase  a c tiv ity  in  ch lo ro tic  le a v e s  of co tton  
in fec te d  w ith  V erticillium  a lbo -a trum  a nd fa iled  to  find  any e ffe c t of 
th e  d is e a s e  on i ts  a c tiv i ty .
The p h y sio lo g ic a l ro le  of ch lo rophy llase  is  no t w e ll know n. In 
v itro  th e  enzym e rem oves the phy to l from ch lo rophy lls a  and  b and
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pheophytins a  and b (8 ) .  I t  h a s  been  su g g e s te d  th a t  ch lo rophy llase  
h a s  an  in  v ivo  role of a tta c h in g  th e  phytol t a i l  to  ch lo rophy llides 
(12). We found ch lo ro p h y lla se  a c tiv ity  and ch lo rophy llide  c o n c e n tra -  
t io n  to  be h igher in  in fe c te d  r ic e  le a f  t is s u e  su g g estin g  th a t  th e  
in c re a s e  in  ch lo rophy llide  may be a  re s u l t  of th e  in c re a se d  ch lo ro ­
p h y lla se  a c t iv i ty .  H ow ever, any th ing  th a t  would preven t a ttachm en t 
of th e  phytol s id e  ch a in  to  ch lo ro p h y llid e  could  cau se  th e  sam e r e s u l t .
Ardao and  V ennesland (1) su g g e s te d  th a t  ch lo rophy llase  e x is ts  
in  a c h lo ro p h y ll-lip ro p ro te in  com plex and is  unab le  to  exert i ts  
a c tiv ity  in  v iv o . In  v iew  of th e  d eg en era tiv e  e ffe c ts  of v iru s in fe c ­
tio n s  on c h lo ro p la s ts  (3), i t  seem s p lau s ib le  th a t ch lo rophy llase  cou ld  
be re le a s e d  from i ts  com plex and  becom e a c t iv e . A d eg en era tio n  of 
c h lo ro p la s ts  in  ho ja  b lan c a -in fec ted  t is s u e  h as  been  observed  re c e n tly  
(Part I I I ) .
Our r e s u lts  and th o se  of P e te rso n  and  McKinney (10) show an  
in c re a se  in  ch lo ro p h y llase  a c tiv ity  sim u ltaneous w ith  a  d e c re a se  in  
ch lo rophy ll con ten t of c e r ta in  v iru s - in fe c te d  p la n ts .  C h lorophy llase  . 
a c tiv i ty  in  in fec te d  r ic e  le a v e s  in c re a s e d  to  a g rea te r ex ten t in  com ­
p le te ly  ch lo ro tic  t is s u e  th a n  in  p a rtia lly  ch lo ro tic  t i s s u e .  T hese re s u lts  
su g g e s t th a t  ch lo ro p h y lla se  h a s  an  in  v ivo  ro le  of degrading ch lo rophy ll 
in  ho ja  b la n c a -in fe c te d  r ic e  p la n ts .
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CHLOR OP LASTS OF HOJA BLANCA-INFECTED RICE.
PHOTOSYNTHESIS, PIGMENT CHANGE, NADH-LINKED 
GLYOXYIATE REDUCTASE
R eduction of p h o to sy n th es is  is  a  common phenomenon in  in fec ted  
t i s s u e  and  u su a lly  i t  is  no t d ire c tly  re la te d  to  lo s s  of ch lo rophy ll. The 
p h o to sy n th e tic  ra te  e x p re sse d  per un it of ch lorophyll h as been  found to  
be d e c re a se d  in  se v e ra l in s ta n c e s  (2 , 13, 14, 17), The H ill reac tio n  
an d  p h o to sy n th e tic  phosphory la tion  in  c h lo ro p la s ts  iso la te d  from in fec te d  
le a v e s  w ere repo rted  w ith  d iffe ren t h o s t-p a ra s i te  com binations to  d ec lin e  
(20 , 26) to  rem ain  unchanged  (11 , 25) and to  in c re a se  (9). W hile  ye llow ­
ing  of le a v e s  i s  very  common in  v iru s  d is e a s e s  and num erous s tu d ies  
have  b een  made on ch lo rophy ll c o n te n t, few  papers have d e a lt  w ith the  
in flu e n ce  of d is e a s e  on yellow  p igm en ts. Elmer (7) found a p a ra lle l 
red u c tio n  in  xan thophy ll and  ch lo rophy ll c o n te n t, but an  in c re a se  in  
ca ro ten e  co n ten t in  the  lig h t g reen  a rea  o f to b acco  and tom ato  leav es  
in fe c te d  w ith  to b acco  m osa ic  v iru s . S u llivan  and  C hilton  (21) show ed 
a d e c re a se  in  ca ro ten e  con ten t e x p re ssed  on a  dry wt b a s is  in  w hite 
c lo v e r  le a v e s  in fec te d  by U roinyces t r i fo l i i - r e p e n t is . P e te rso n  and 
M cKinney (15) found th a t th e  red u c tio n  in  ch lorophyll c o n ten t w as 
accom pan ied  by a  p a ra lle l reduc tion  in  yellow  pigm ents in  to b acco  
le a v e s  in fe c te d  w ith  four to b acco  m osa ic  v iru s e s .  Akai e t  a l .  (1) 
show ed th a t  th e  ra tio  of ch lo rophy ll to  caro ten o id s in  rice  le a v e s
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In fec ted  w ith  a  downy m ildew fu n g u s , Sclerophthora m acro sp o ra , w as 
th e  sam e a s  in  h e a lth y  le a v e s  in  S h in asah i v a rie ty  and s lig h tly  h igher 
in  A sahi v a r ie ty .
G lyoxylate  re d u c ta se  has been  found to  be lo ca te d  prim arily  in  
c h lo ro p la s ts  (23, 2 9 ). The enzym e reduces g lyoxy la te  to  form g ly co lic  
a c id  th a t  go es in to  carbohydrate  m etabo lism  (5, 16, 26) and  p lays an 
im portant ro le  in  re sp ira tio n  of le a v e s  in  su n lig h t (27). Z e litch  (28) 
su g g e s te d  th a t  g ly co la te  se rv es  to  sy n th e s iz e  carbohydrate  to  in c re a se  
the  o sm o tic  p ressu re  in  guard c e l l s ,  and th a t  th e  g ly co la te  o x id a se -  
g lyoxy la te  re d u c ta se  sy stem  m ain ta in s  the  production  of ATP needed  
to  "pump" w a te r in  guard  c e lls  for s to m ata l open ing . So g lyoxy la te  
re d u c ta se  may have som e ro le  in  p h o to sy n th e s is .
The ho ja  b lan ca  d is e a s e  r e s u l ts  in  se v e re  ch lo ro s is  and  stun ting  
of r ic e  p la n ts .  The p re se n t stu d y  w as undertaken  to  determ ine q u a n ti­
ta tiv e ly  som e of th e  e ffe c ts  of th e  d is e a s e  on th e  ph o to sy n th e tic  
m echan ism . The p h o to sy n th e tic  ra te  and th e  le v e ls  of ch lo rophy ll, 
c a ro te n e , and lu te in  w ere  determ ined  during th e  cou rse  of d ise a s e  
developm ent and  com pared w ith th a t  in  u n in fec ted  t i s s u e . The e ffe c t of 
th e  d is e a s e  on the  a c tiv ity  of NADH-linked g lyoxy la te  re d u c ta se  w as 
determ ined during th e  la t te r  s ta g e  of the  d is e a s e .
MATERIALS AMD METHODS
M ethods of breed ing  in s e c t  v e c to rs , S oqatodes o ry z ico la  (Muir) 
growing and in o cu la tin g  r ic e  p la n ts , Oryza s a t iv a  L. cv  N ato  w ere the  
sam e a s  d e sc rib e d  p rev io u sly  (Part I) . P h o to sy n th e s is  w as m easured  
by m anom etry u s in g  0 .5  cm le a f  p ie c e s . A random  sam ple of th e  lea f 
p ie c e s  w as u se d  to  m easure th e  chlorophyll c o n te n t by A rnon 's m ethod 
(3). About 50 mg fre sh  w t of le a f  m ateria l w a s  put in  th e  W arburg f la sk  
m ain com partm ent co n ta in in g  0 .4 5  ml of 0 .0 3  M PO^ buffer pH 6 .0 .
The f la s k  inner w e ll co n ta in ed  0 .6  ml of P a rd e e 's  buffer to  m ain tain  
a  0 .4%  CO2  co n cen tra tio n  in  th e  f lask s  (24). The f la s k s  w ere m ain­
ta in e d  a t  28 C in  a  w a te r b a th  and  illum ina ted  w ith  960 f t - c  lig h t 
in te n s ity  from 40 W in c a n d e sc e n t b u lb s. A fter 30 min of eq u ilib ra tio n , 
th e  change o f 0 2  w as reco rded  for 60 min in ':the dark , 45 min in  the  
l ig h t, th en  60 min in  the  d a rk . The re sp ira tio n  ra te  w as determ ined 
by averag ing  th e  ra te  of O2  u p tak e  during th e  tw o dark  p e r io d s , The 
le a f  t is s u e  u sed  in  p h o to sy n th e tic  m easurem ent w as d ried  for 24 hr 
a t  100 C or e x tra c te d  in  80% ace to n e  w ith a  Ten Broeck hom ogenizer 
for ch lo rophy ll c o n te n t d e te rm in a tio n . C h lorophyll con ten t w as d e te r ­
m ined sp ec tro p h o to m etrie s lly  (3). P h o to sy n th e tic  ra te  co rrec ted  for 
dark  re sp ira tio n  w as e x p re s se d  per unit of dry w t and per u n it of 
ch lo ro p h y ll. M ethods for m easuring  caro ten e  and  lu te in  w ere ad ap ted
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from Tan and F rancis (22). The petroleum  e th e r frac tion  con tain ing  
p igm ents w as w ashed  five  tim es in  a  se p a ra to ry  funnel w ith  eq u al 
volum es of w a te r  to  e lim in a te  a ce to n e , an d  poured in to  a  narrow 
c y lin d e r . The pigm ent e x tra c t in petroleum  e th e r w as read y  to use  
a f te r  the rem aining w a te r had  se ttled  to  th e  bottom of th e  c y lin d e r.
The pigm ents w ere se p a ra te d  in a  15 x  300 mm chrom atographic colum n 
packed  w ith 30% com  s ta rc h  and 70% co n fec tio n ers  su g a r . A s lig h t 
vacuum  w as a p p lied  to  th e  low er end o f th e  colum n. C aro ten e , lu te in  
and  ch lo rophy ll w ere c o lle c te d  se p a ra te ly  and  q u an tita ted  sp e c tro -  
ph o to m e trica lly . C aro tene and lu te in  w ere  e x p re ssed  a s  a  percen tage  
of to ta l  ch lo rophy ll.
The m ethod u se d  for m easuring g lyoxy la te  re d u c ta se  w as b ased  on 
the  ox idation  of reduced  d inuc leo tide  in  th e  p re sen c e  of g lyoxy la te  (30). 
For each  gram of fresh  le a f  t i s s u e ,  4 .5  ml of 0 .05  M PO4  buffer pH 6 .4  
and  0 .5  ml of 1% (w /v) of L -cy ste in e  hydrochloride w ere ad d ed . Leaf 
t is s u e  w as ground in  a  m ortar w ith sa n d . The re su ltin g  hom ogenate 
w as sq u eezed  through a double layer of c h ee sec lo th  and  cen trifuged  
a t  10 ,000 g fo r 20 m in. C u v e ttes  c o n ta in ed  0 .25  ml of enzym e e x tra c t, 
1 .25  ml of 0 .0 5  M PO4  buffer pH 6 .4 ,  3 pm ole of sodium  g lyoxylate  
and  0 .4 0  pm ole of NADH. The reference  c u v e tte  con ta ined  no NADH. 
Enzyme a c tiv ity  w as m easured  w ith a  spec tropho tom eter, Perkin-E lm er 
202 , by the  d e c re a se  in O .D . a t  340 mp a s  the  NADH w as o x id ized . 
Reduction of O. D . per min w as determ ined from the s tra ig h t part of the
rea c tio n  c u rv e . One u n it of enzym e a c tiv ity  w as th e  amount of enzym e 
requ ired  to  o x id ize  0 .1  jimole of NADH per min in 'ithe p resence  of an  
e x c e s s  o f g ly o x y la te .
RESULTS
C hlorophyll c o n te n t dropped s lig h tly  in  .pa rtia lly  ch lo ro tic  th ird  
le a v e s  (Table 1). P h o to sy n th esis  e x p re ssed  per u n it of dry w t w as 
reduced  in  in fec te d  t is s u e  n ear th e  sam e ra te  a s  th e  ch lo rophy ll con ten t 
dropped (Tables 1 an d  3 ). P h o to sy n th e s is  e x p re ssed  per un it o f ch lo ro ­
phyll w as higher in  in fe c te d  t i s s u e  th an  th a t  in  healthy  w ith  a  d ifference  
of 300 to  40O /il0 2 /h r /m g  ch lo rophy ll from the  6 th  to  the  15th day  a fte r 
in o c u la tio n .
The lo ss  o f ch lo rophy ll w as more d ra s t ic  in  com plete ly  ch lo ro tic  
t is s u e  of leav es  em erging a fte r  in o cu la tio n  (Table 2). P h o to sy n th esis  
e x p re sse d  per u n it o f dry w t w as low er in  com plete ly  ch lo ro tic  t is s u e  
than  in  p a rtia lly  ch lo ro tic  t is s u e  and  the  reduc tion  becam e more pro­
nounced a s  the d is e a s e  d ev e lo p ed . The d e c re a se  in  th e  photo sy n th e tic  
ra te ,  how ever, w as no t nearly  so  d ra s tic  a s  w as th e  d e c re a se  in  th e  
chlorophyll c o n ten t (Table 3). T hus, the  red u c tio n 'in  ph o to sy n th e tic  
ra te  w as not d ire c tly  p roportional to  th e  ch lo rophy ll lo s s  in  in fec te d  
le a v e s . In Table 3 , ch lo rophy ll w as e x p re ssed  per u n it of fre sh  w t 
and p h o to sy n th es is  p e r un it of dry w t. The ra tio  of dry w t to  fre sh  wt 
of le a f  w as h igher in  in fec ted  t is s u e  th an  in h ea lth y  t i s s u e .  So , if  
ch lo rophy ll co n ten t w ere e x p re sse d  per un it of dry w t, the  drop in  
ch lo rophy ll con ten t o f in fec ted  t is s u e  w ould have been  even more 
pronounced than  on a  fre sh  w t b a s i s .  The photo sy n th e tic  ra te
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e x p re sse d  per u n it of ch lo rophy ll w as much g re a te r  in  com plete ly  
ch lo ro tic  t i s s u e  than  in  h e a lth y  t is s u e  (Table 2 ). The ra t io , I n fe c te d  
p h o to sy n th e s is :h e a lth y  p h o to sy n th e s is , w as much low er th an  in 
p a rtia lly  c h lo ro tic  le a v e s  (Table 3). A d iffe ren ce  of abou t 1000 
jil 0 2 /h r /m g  ch lo ro p h y ll, an  in c re a se  of a b o u t 50 to  70%, w as found 
each  tim e i t  w as m easu red , 12, 15 and  18 d a y s  a fte r  in o cu la tio n .
C aro tene and lu te in  c o n ce n tra tio n s  d e c lin e d  in  in fe c te d  t is s u e  
(Table 4). The d ec lin e  w as a t  ab o u t th e  sam e ra te  a s  th a t of ch lo ro ­
p h y ll. This w as ev id en t b e c a u se  th e  pe rcen tag e  of th e  tw o yellow  
pigm ents com pared to  ch lo rophy ll w as n e a r th e  sam e in  h ea lth y  and  
in fec te d  t is s u e  (Table A).
A ctiv ity  of N A D H -linked g lyoxy la te  re d u c ta se  e x p re sse d  per u n it 
of fresh  w t o f le a f  t i s s u e ,  d e c re a se d  by r23% in  p a rtia lly  ch lo ro tic  
t i s s u e  and  by 33% in  com plete ly  ch lo ro tic  t i s s u e  (Table 5 ).
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T able 1. C h lo rophy ll c o n te n t an d  p h o to sy n th e tic  ra te  o f h e a lth y  and  
p a rtia lly  c h lo ro tic  th ird  le a v e s  o f r ic e  p la n ts  in fe c te d  w ith  
ho ja  b la n c a .
D ays a fte r  
in o cu la tio n
C h i. co n ten t Photo s yn the  s is
H ea lth y In fec ted
jul 0 ?/h j/m g d ry  w t. 
H ealthy  In fe c te d
n l  O p /h r/m g  c h i. 
H ea lth y  In fec ted
6 2 .3 7 2 o40 2 9 .8 7 2 8 .9 8 2945 3243
9 2 .4 1 2 .2 3 2 2 .4 1 2 0 .5 4 ■ 2086 2368
1 2 3 .8 0 3 .3 3 2 1 .7 2 1 9 .11 1662 1940
15 4 .2 3 4 .1 5 2 0 .6 3 2 0 .4 2 1330 1759
18 3 .7 4 3 .5 8
g
C hlo rophy ll c o n te n t i s  e x p re s s e d  a s  ling of c h lo ro p h y ll p e r g o f fre sh  
le a f  t i s s u e .
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Table 2 .  C h lo rophy ll c o n te n t and p h o to sy n th e tic  ra te  of h e a lth y  and 
co m p le te ly  c h lo ro tic  t i s s u e  of le a v e s  em erging a f te r  
in o c u la tio n  w ith  hoja b la n c a .
D ays a f te r  
in o c u la tio n
C h i. co n te  n ta P hotos yn the s is
H ealthy In fe c te d
jjul 0 ?./hi/m q d ry  w t. 
H ea lth y  In fe c te d
jul 0 ? /h r /m a  c h i .  
H ea lth y  In fe c te d
1 2 3 .1 3 1 .2 4 2 1 .7 8 1 6 .9 4 1908 2874
15 3 ,3 7 1 .4 2 2 2 .4 1 - 1 3 .9 6 2108 3218
18 3 .0 9 .76 1 9 .7 6 7 .5 6 1359 2341
C h lo rophy ll c o n te n t i s  e x p re sse d  a s  mg o f ch lo ro p h y ll per g of fre sh  
le a f  t i s s u e .
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Table 3 . C om parison  betw een ch lo rophy ll c o n te n t and ph o to sy n th e tic  
ra te  of h e a lth y  and h o ja  b la n c a - in fe c te d  rice  l e a v e s . 3
D ays a f te r  in ocu la tion
12 15 18
C hlorophy ll
P h o to sy n th esis
101.56
97.02
P artia lly  ch lo ro tic  le a v e s  
9 2 .7 4  8 7 .4 3  98 .23
9 1 .66 8 7 .9 8 9 8 ,98
C hlorophyll
P h o to sy n th esis
C om pletely  c h lo ro tic  le a f  t is s u e
3 9 .6 0  4 2 .0 8  24 .53
7 7 .7 8 62.29 2 8 .2 6
V alues rep re se n t th e  percentage o f ch lo rophy ll con ten t or p h o to sy n th e tic  
ra te  m easured  in  in fec te d  le a v e s  com pared to  th a t  in  h ea lth y  o n e s . 
x  i o °-
P h o to sy n th e s is  w as m easured on  a  dry w t b a s i s .
Table 4 . C aro tene and  lu te in  co n ten t in  h ea lth y  and in  ho ja  b la n c a -in fe c te d  rice  l e a v e s .
D ays a f te r  in o cu la tio n
6 9 12 15 18
a  +. b  mg ra tio mg ra tio  mg ra tio  mg ra tio mg ra tio
P a rtia lly  ch lo ro tic  le a v e s
C aro tene
H ealthy
In fec ted
.19
.15
7 .82
6 .43
.26
.23
10 .60  .42 
1 0 .47  .33
11 .17
9 .8 5
.39
.40
9 .1 9
9 .7 3
.17
. 2 0
4 .4 8
5 .8 7
Lutein
H ealthy
In fec ted
.15
.15
6 .33
6 .26
.26
.23
10 .87  .28  
10 .48  .25
7 .2 8
7 .39
.32
.37
7 .45
8 . 8 6
.25
.23
6 .6 4
6.45
C om pletely  ch lo ro tic  le a f  t is s u e
C aro tene
H ealthy
In fec ted
.24
. 1 0
7 o50
7 .6 7
.29
.14
8 .6 3
9 .8 4
.48
.08
15 .48
9 .9 1
Lutein
H ealthy
In fec ted
.27
. 1 0
8 .59
7 .8 4
.29
. 1 2
8 .55
8 .5 4
.30
.09
9 .7 8
11.53
mg of caro tene  or lu te in  per g of f re sh  le a f  t i s s u e .
1-
C aro tene  and  lu te in  e x p re ssed  a s  a  pe rcen tage  of th e  ch lo rophy ll c o n te n t.
28
Table 5 . N A D H -Iinked g ly o x y la te  re d u c ta s e  in  h e a lth y  and  h o ja  b la n c a -  
in fe c te d  r ic e  l e a v e s .
U n its  o f enzym e a c t iv i tv a / g  f re s h  w t
16 Pb 21 Pb 21 Cb
H ealthy 1 2 . 6 8 .7 / . 2
In fe c te d 9 .7 6 . 8 4 .8
I c ~ - X  1 0 0 76 .9 7 6 .9 6 6 . 6
a One u n it enzym e a c t iv i ty  = am ount o f enzym e req u ire d  to  o x id iz e  0 .1  
jim ole of NADH/min in  p resen ce  o f  g ly o x y la te .
I -
16P = p a r t ia l ly  c h lo ro tic  th ird  le a v e s  16 day s a f te r  in o c u la tio n .
2 IP = p a r t ia l ly  c h lo ro tic  th ird  le a v e s  21 days a f te r  in o c u la tio n .
2 1 C =  co m p le te ly  c h lo ro tic  part of le a v e s  em erg ing  a fte r  in o c u la tio n , 
m easu red  2 1  d a y s  a fte r  in o c u la tio n .
c- |-  = i  n fe c te d  ra te  -r  h e a lth y  r a t e .
DISCUSSION
The p h o to sy n th e tic  ra te  b a sed  on dry w t d e c rea se d  in  ch lo ro tic  
t i s s u e  of h o ja  b la n c a -in fe c te d  r ic e  p la n ts .  This ob serv a tio n  fu rth er 
su b s ta n tia te s  the  m any o ther s im ila r o b se rv a tio n s  from o ther h o s t-  
p a ra s ite  com binations (10). C ontrary  to  p revious rep o rts  on o th er 
d is e a s e s  (2 , 13, 14 , 17), p h o to sy n th es is  e x p re ssed  per u n it o f 
ch lo rophy ll w as h ig h e r in  hoja b la n c a - in fe c te d  lea v es  th an  in  h ea lth y  
o n e s .  C hlorophyll lo s s  occurred  m uch fa s te r  than  the  p h o to syn the tic  
ra te  w as reduced  in  in fe c te d  le a v e s .  T hese re s u lts  in d ic a te  th a t  
ch lo rophy ll c o n ten t w as no t a  lim iting  fa c to r  in  p h o to sy n th es is  of 
h e a lth y  le a v e s . This su g g e s ts  th a t  the  e ffe c tiv e n e ss  of ch lorophyll 
f lu c tu a te s  or th a t  som eth ing  o ther th a n  ch lo rophy ll may be the  ra te  
lim iting  fa c to r  in  th e  d is e a s e d  le a v e s .  H ill and  W ittingham  (11) 
su g g e s te d  "the e x is te n c e  of fac to rs  o ther th an  ch lo rophy ll w hich  varied  
from p lan t to  p lan t an d  m ight determ ine th e  ra te  of p h o to sy n th es is  a t 
h igh  lig h t in te n s i t ie s .  " G ab rie lson  (8 ) show ed th a t  ch lo rophy ll becam e 
a  lim iting  fac to r only  a t  low lig h t i n te n s i t i e s .
The a c tiv ity  o f va rious enzym es h a s  been  co rre la ted  w ith  the  
photo sy n th e tic  ra te  in  a  num ber of p la n ts . Sm illie  (19) show ed a 
p a ra lle l  change of p h o to sy n th e tic  a c tiv ity  in  develop ing  pea le a v e s  
w ith  th a t of two ch lo ro p la s t enzym es carboxyd ism utase  and p h o to sy n th e tic
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pyrid ine n u c leo tid e  re d u c ta s e . In  c e lls  of C h lo re lla  v u lg a ris  grown in  
the  l ig h t , the  ra te  of p h o to sy n th e tic  oxygen production  per mg chloro­
phyll w as p a ra lle l to  th e  ra tio  of o< - lin o le n a te  to  ch lo rophy ll (4).
L utein  and ca ro ten e  dropped a t  th e  sam e ra te  a s  ch lo rophy ll.
The m echanism  of yellow  pigm ent breakdow n is  s t i l l  unknow n. Blain 
and S ty les  (6 ) su g g e s te d  th a t  in g reen  t is s u e  the  breakdow n of caro tene  
is  due to  th e  lip o x id a se  sy s te m . Our re s u l ts  a s  w e ll a s  th o se  of 
P e te rso n  and  M cKinney (15) and Akai e t  a l .  (1) show th a t  th e  yellow ing 
of in fec te d  le a v e s  i s  due to  the  sim u ltaneous lo s s  of ch lorophyll and th e  
yellow  p ig m en ts , and  th a t  th e re  is  not a  h igher re la tiv e  am ount of the  
la t te r .
G lyoxylate  re d u c ta se  a c tiv ity  in  in fe c te d  t is s u e  h as  been  s tu d ied  
p rev io u sly  (18). L eaves of tom ato p lan ts  in fec te d  w ith  Fusarium  
ly c o p e rs ic i had  an  in c re a se d  enzym atic  a c tiv ity  on the  b a s is  of t is s u e  
p ro te in . O ther th an  the  fa c t  th a t th is  is  re v e rse  th e  e ffe c t found in  th e  
p re sen t s tu d y , no com parison  w ill be m ade b e c a u se  of th e  d ifferen t ty p es  
of pa thogens invo lved  and  th e  d iffe ren t b a s is  for m easuring  a c tiv ity .
The d e c re a se  in  a c tiv ity  of g lyoxy la te  re d u c ta s e , coup led  w ith  a  
d e c lin e  in  c h lo ro p la s t p ig m en ts , a  d ec lin e  in  th e  p h o to sy n th e tic  r a te ,  
an  in c re a se  in  ch lo ro p h y lla se  a c tiv ity  (Part I) and  a d isru p tio n  of the 
ch lo ro p las ts  u ltra  s tru c tu re  (Part III) , dem onstra te  a g e n e ra l d eb ilita tin g  
e ffe c t of the  hoja b lan ca  d is e a s e  on th e  c h lo ro p las ts  of r ic e .
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CHLOROPLASTS OF HOJA BLANCA-INFECTED RICE.
ULTRASTRUCTURE
The ho ja  b lan ca  d is e a s e  c a u se s  a  reduction  in  th e  p h o to syn the tic  
r a t e ,  pigm ent c o n te n t, an d  a lte r s  th e  a c tiv ity  of c e r ta in  enzym es of 
r ic e  c h lo ro p las ts  (Parts I  and  II) . In  v iew  of th e s e  p h y sio lo g ica l and  
chem ica l e f fe c ts  on the  c h lo ro p la s ts , i t  w as though t th a t  a  stu d y  of 
th e  ch lo ro p la s ts  u ltra  s tru c tu re  would provide inform ation on th e  p h y s ic a l 
e f fe c ts  of h o ja  b lan ca  to  r ic e  p la n ts . E ffects of v iru se s  on the  u ltra ­
s tru c tu re  of c h lo ro p la s ts  have  been rep o rted  frequen tly  (4). Grana have 
b een  shown to  be reduced  in  number an d  d is ru p ted . In  a d d itio n , in d u c ­
t io n  of v e s ic le  form ation a long  the  c h lo ro p la s t e n v e lo p e , in c re a se d  and 
d e c re a se d  s ta rc h  accu m u la tio n , and a n  in c re a se  in  s iz e  a n d /o r  
num ber of o sm ioph ilic  lip id  g lobu les h av e  been o b se rv ed .
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MATERIALS AND  METHODS
M ethods for b reeding  in s e c t  v e c to rs , grow ing and inocu la ting  
rice  p la n ts  have been  d e sc rib e d  p rev iously  (Part I) . C h lo ro tic  s tr ip e s  
of th ird  le a v e s ,  8  d ay s a fte r  in o c u la tu io n , and  com plete ly  ch lo ro tic  
t is s u e  of le a v e s  15 day s a fte r  in o c u la tio n , w ere  s tu d ied  in  com parison 
w ith  t is s u e  from h ea lth y  le a v e s  o f com parable a g e . P lan ts  w ere kept 
in  dark  overn igh t before p ro ce ss in g  to  avo id  th e  p resence  of sta rch  
g ranu les in  c h lo ro p la s ts  for a  c le a re r  view  of th e  lam ellae  sy s tem .
Leaf t is s u e  w as c u t in to  p ie c e s  ab o u t 0 .7  x  2 to  3 mm, fixed  in  3% 
g lu ta ra ld eh y d e  a t  2 -5  C for 2 -4  h r and w ashed  in  co ld  S o ren so n 's  PO4  
buffer (6 ) .  The buffer w as changed  th ree  tim es a t  30 min in te rv a ls  and 
le a f  t i s s u e  in  buffer w as p laced  a t  2-5  C o v ern igh t. T issu e  w as p o s t­
fixed  in  1% osm ium  te tro x id e  (made in  S o ren so n 's  buffer) for 2 -3  hr a t  
2 -5  C , th en  r in se d  briefly  w ith /co ld  w a te r , dehydra ted  in  a co ld  e thano l 
s e r ie s ,  tra n s fe rre d  to  propylene ox ide and  soaked  in  M arag las-p ro p y len e  
m ixture (1:1) for 30 m in. The t i s s u e  w as th en  tran sfe rred  to  M araglas a t  
room tem pera tu re  fo r 1 hr and s to re d  a t  2 -5  C o v ern ig h t. T issu e  w as 
o rien ted  in  Beem c a p su le s  for c ro s s  se c tio n in g . Thin se c tio n s  were cu t 
on a  Porter-B lum  m icrotom e w ith  g la s s - k n iv e s . S ec tions were p laced  on 
u n co ated  300-m esh  copper g rid s and  s ta in e d  w ith  lead  hydroxide for 2 0
* O
miri or le a d  c itra te  for 10 m in. Specim ens w ere v iew ed w ith  an  H itach i
e le c tro n  m icroscope (HU-11A) opera ted  a t  50 KV.
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RESULTS
The num ber o f c h lo ro p la s ts  in  in fe c te d  t i s s u e  w a s  re d u c e d  in  a l l  
c e l l s  o b se rv e d . The e x a c t  p e rc e n ta g e  of red u c tio n  w a s  n o t d e te rm in e d . 
The s iz e  of c h lo ro p la s ts  in  in fe c te d  t i s s u e  w as red u ced  a l s o .  A ldehyde 
and  osm ium  te tro x id e  f ix a tiv e s  p rese rv ed  th e  o sm io p h ilic  g lo b u le s  a s  
s p h e re s .  The g lo b u le s  in  h e a lth y  t is s u e  w ere only s l ig h tly  o sm io p h ilic , 
s ta in in g  on ly  a t  th e  periphery  (F ig . 1, 2 ) . In  c h lo ro tic  t i s s u e ,  th e  
g lo b u le s  w ere  uniform ly more o sm io p h ilic  (F ig. 3 , 4 , 5 , 6 ) .  No prom i­
n e n t s ta rc h  g ra in s  w ere  se e n  in  h e a lth y  or in fe c te d  t i s s u e .  H ealthy  
t i s s u e  c h lo ro p la s ts  show ed num erous g ran a  co n n ec ted  by in te rg ran a  
la m e lla e  (F ig . 1, 2 ) . In  in fec te 'd  t i s s u e ,  p a rt o f c h lo ro p la s ts  had 
d is ru p te d  g rana  and  in te rg ran a  lam e llae  (F ig . 4 , 5 , 6 ) ,
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ILLUSTRATIONS
A b b rev ia tio n s:
CE = c h lo ro p la s t envelope  
G = granum
I = in te rg rana  lam ellae  
O = o sm ioph ilic  g lobu les 
PM = p lasm a membrane 
T = to n o p la s t 
VA = vacuo le  
W  = c e l l  w a ll
F igu res 1 an d  2 . C h lo ro p la s ts  o f u n in fe c te d  r ic e  le a v e s  show ing
norm al developm en t w ith  num erous g rana  co n ­
n e c te d  by in te rg ran a  la m e l la e . Lipid g lo b u les  
( .0 6  p. — . 1 0  ju) a re  s l ig h tly  o sm io p h ilic  a t  the  
p e rip h e ry . 1) c h lo ro p la s t  of u n in fec ted  3rd 
le a f  (x 4 7 ,5 0 0 ), 2) c h lo ro p la s t  of u n in fec ted  
4th  le a f  (x 4 6 ,0 0 0 ).
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PIP’
F igures 3 and 4 . C h lo ro p lasts  of p a rtia lly  ch lo ro tic  3rd lea v es  8  d ay s
a f te r  in o c u la tio n . O sm iophilic  g lo b u le s  a re  u n i­
formly and  more e le c tro n  d en se  th an  th o se  in  h e a lth y  
t i s s u e .  3) g rana and in te rg ran a  lam ellae  a p p ea r to  
be undam aged (x 5 8 ,5 0 0 ). 4) grana an d  in te rg rana  
lam ellae  a p p e a r to  be dam aged (arrow s) (x 8 4 ,000 ).
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Figure 5 an d  6 . C h lo ro p la s ts  o f co m p le te ly  p h lo ro tic  4th  le a v e s  15
d a y s  a fte r  in o c u la tio n . O sm io p h ilic  g lo b u les  
( .0 6  p  -  .1 8  ja) a re  uniform ly and  more e le c tro n  
d e n se  th a n  th o se  in  h e a lth y  t i s s u e .  G rana and  
in te rg ran a  lam e llae  sy stem  a p p e a r  to  be dam aged 
(arrow s). 5) x 6 7 ,0 0 0 . 6 ) x 6 5 ,5 0 0 .

DISCUSSION
The red u c tio n  in  s iz e  and  num ber o f c h lo ro p la s ts  may con tribu te
to  the  red u c tio n  of ch lo ro p h y ll, caro tene  and  lu te in  a s  repo rted  in
*
Part I I .  The red u c tio n  in*size  and  num ber of ch lo ro p la s ts  in  d is e a s e d  
t is s u e  h a s  been  repo rted  in  o th e r d is e a s e s  (2 , 3 , 7).
G reenw ood, L eech  and  W illiam s" (5) su g g e s te d  th a t osm ioph ilic  
g lobu les a re  a d e p o s it  of a  w ide range of in so lu b le  lip id s  and th a t a  ' 
v a ria tio n  in  th e  ch em istry  of lip id s  in  g lo b u les  would re s u lt  in  a d if­
fe ren ce  in  o sm io p h ily . The fa c t  th a t  o sm ioph ilic  g lobu les in  ch lo ro ­
p la s ts  from in fec te d  r ic e  t i s s u e  w ere  more e le c tro n  dense  th an  in  
healthy  t i s s u e  su g g e s te d  th a t  h o ja  b lanca  in fec tio n  a ffe c te d  the  lip id  
m etabolism  of r ic e  p la n t.
Prom inent s ta rc h  g ranu les w ere not s e e n  in  ch lo ro p la s ts  of in fec ted  
or h e a lth y  t i s s u e ,  due to  th e  dark  trea tm en t of p lan ts  befo re-k illing  and 
f ix in g .
G rana and  in te rg ran a  lam ellae  d isru p tio n  se e n  in  in fec te d  t is s u e  
may re s u l t  in  th e  r e le a s e  of ch lo ro p h y lla se  th a t  is  bound in  the ch lo ro - 
p h y ll-p ro te in  com plex in  c h lo ro p la s ts  (1). An in c re a se  in  the  ch lo ro ­
p h y lla se  enzym e a c tiv ity  in  ho ja  b la n c a -in fe c te d  leav es  h as been 
dem onstra ted  (Part I ) . -
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SUMMARY
1. C hlorophyll c o n te n t w as d e c rea se d  5 to  21% in  in fec ted  th ird  le a v e s  
show ing  c h lo ro tic  f leck s  and  s t r e a k s . There w as a maximum of n e a r  
70% reduc tion '.in  ch lo rophy ll co n ten t in  com plete ly  ch lo ro tic  t is s u e  
of le a v e s  th a t  em erged a f te r  in o cu la tio n .
2 . C h lo rophy lls a  and  b w ere reduced  a t  the  sam e ra te  in  in fec ted  
t i s s u e .
<? >
, 3 . C h lo rophy llase  a c tiv ity  w as h igher in  in fec te d  th an  in  h ea lth y  t i s s u e .
•The in c re a se  in  ch lo rophy llase  a c tiv ity  w as m orecpronounced in
* *
com plete ly  c h lo ro tic  t is s u e  -than in  p a rtia lly  c h lo ro tic  l e a v e s .
* *
4 . C h lo rophy llide  c o n te n t of in fec ted  le a v e s  w as c o n s is te n tly  h igher
r
th an  th a t  in  n o n in fec ted  le a v e s  o *
5 . P h o to sy n th e s is  e x p re sse d  per un it of dry w t dropped s lig h tly  (3-12%) 
in  p a rtia lly  c h lo ro tic  le a v e s . The drop in  p h o to sy n th es is  w as more 
d ra s t ic  in  com p le te ly  ch lo ro tic  t is s u e  (22-72% ), 'how ever, i t  w as 
no t n early  so  d ra s t ic  a s  w as th e  d e c re a se  in  th e  ch lo rophy ll content,,
J r
T hus, th e  red u c tio h  in  p h o to sy n th e tic  ra te  w as n o t d irec tly  propor-
• *
t io n a l to  th e  ch lo rophy ll lo s s  in  In fec ted  le a v e s .
* +
*  6
6 . P h o to sy n th esis  e x p re sse d  per u n it o f.ch lo rophy ll w as h igher in
. .
in fec te d  th an  in  healthy  t i s s u e ,  w ith  a  maximum of 32% in  p a rtia lly
G  A
ch lo ro tic  le a v e s  and  72% in  com plete ly  ch lo ro tic  t i s s u e .  The
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p h o to sy n th e tic  r a te  e x p re sse d  per u n it of ch lo rophy ll ch an g es w ith 
age  in  both h e a lth y  and in fe c te d  l e a v e s .
7 . C o n cen tra tio n s o f caro tene  and  lu te in  w ere reduced  a t  abou t th e  
sam e ra te  a s  ch lo rophy ll in  in fe c te d  t i s s u e .
*
e
8 . N A D H -linked g lyoxy la te  re d u c ta se  a c t iv i ty  e x p re sse d  -per u n it of 
fre sh  w t d e c re a se d  in  in fe c te d  le a v e s .
9 . C h lo ro p las ts  in  in fec te d  t i s s u e  w ere few er in  num ber and 'sm alle r in 
s iz e  th a n  th o se  in  healthy  t i s s u e .
r  ' *
10; O sm ioph ilic  lip id  g lobu les in  h ea lth y  t is s u e  w ere s lig h tly  o sm ioph ilic
0
o
a t- th e  periphery w h ile  th o se  from in fe c te d  t is s u e  w ere s ta in e d  u n i-
1 ' „ •
formly and more e le c tro n  d e n s e .
. 11. Some of the grana and  in te rg ran a  lam ellae  in  in fec te d  t is s u e  w ere 
d iso rg a n iz e d .
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